Background: Folate and vitamin B 6 intake has been associated with reduced risk of coronary heart disease, but studies are not consistent. Objective: The relation between folate and vitamin B 6 intake and the risk of acute myocardial infarction (AMI) was assessed in a Mediterranean population. Design: A hospital-based case-control study was conducted in Milan, Italy, between 1995 and 1999. Information was collected by interviewer-administered questionnaires. Adjusted odds ratios (ORs) and 95% confidence intervals (CI) were obtained by multiple logistic regression models. Subjects: Cases were 507 patients with a first episode of nonfatal AMI, and controls were 478 patients admitted to hospital for acute conditions. Results: Compared to patients in the lowest tertile of intake, the ORs for those in the highest tertile were 0.56 (95% CI 0.35-0.88) for folate and 0.34 (95% CI 0.19-0.60) for vitamin B 6 . The OR was consistently below unity in strata of sex, age, alcohol, methionine, tobacco smoking, coffee, hypertension and family history of AMI; the inverse association was apparently stronger for vitamin B 6 in regular alcohol drinkers than in no or occasional drinkers. Compared to subjects with a low intake of both micronutrients, the OR was 0.29 for those with a high intake of both. Compared to subjects reporting no or occasional alcohol drinking and low methionine and folate intake, the OR was 0.28 in regular drinkers with high methionine and high folate intake. The corresponding value for vitamin B 6 was 0.25. Conclusions: A high intake of folates, vitamin B 6 and their combination is inversely associated with AMI risk.
Introduction
Epidemiological evidence on the relation between folate and vitamin B 6 dietary intake or serum levels and coronary heart disease (CHD) is controversial. Among prospective studies, in a Canadian cohort investigation low serum folate levels were associated with an increased risk of fatal CHD (Morrison et al, 1996) , and in the US Physician Health Study a low dietary intake of folate and/or vitamin B 6 contributed to increase the risk of acute myocardial infarction (AMI) (Chasan-Taber et al, 1996) . Likewise, in the Nurses' Health Study high intakes of folates, vitamin B 6 and their combination decreased the risk of CHD (Rimm et al, 1998) , and either serum folate concentration or dietary intake were inversely associated with acute coronary events in the Kuopio Ischaemic Heart Disease Risk Factor Study (Voutilainen et al, 2000 (Voutilainen et al, , 2001 . However, in the First National Health and Nutrition Examination Survey Epidemiologic Follow-up Study, the risk of CHD for the lowest level of folate intake was increased in patients aged o55 years and decreased in patients aged Z55 years (Giles et al, 1998) , and in a cohort of Australian men and women no relation between serum folate levels and fatal CHD was found (Hung et al, 2003) .
Among case-control studies, an investigation conducted in the Netherlands found that dietary and plasma levels of folate and vitamin B 6 were inversely and independently associated with the risk of AMI (Verhoef et al, 1996) . An American population-based study found a nonsignificantly lower mean folate concentration in the plasma of AMI cases than controls (Schwartz et al, 1997) ; a multicentre casecontrol study in Europe found that lower levels of folate and vitamin B 6 confer an increased risk of atherosclerosis (Robinson et al, 1998) , and a Spanish hospital-based study found an inverse association between dietary folate intake and nonfatal AMI risk (Hernández-Díaz et al, 2002) .
Moreover, in a double-blind, randomized trial, 1 mg of folic acid plus vitamin B 12 and pyridoxine were administered daily for 6 months to patients who had successfully undergone coronary angioplasty (Schnyder et al, 2001) ; that study found a lower rate of restenosis (primary endpoint), but no difference in death rate from cardiac causes and nonfatal AMI (secondary endpoint) (Schnyder et al, 2001; Morris and Carson, 2003) . The Swiss Heart Study showed that homocysteine-lowering therapy with folic acid, vitamin B 12 and vitamin B 6 significantly decreases the incidence of major adverse events after percutaneous coronary angioplasty (Schnyder et al, 2002) .
To provide further information on the relation of folate and vitamin B 6 dietary intake and risk of nonfatal AMI, we analyzed the data of a case-control study conducted in Italy. Moreover, alcohol consumption may increase folate requirements and cause relative folate deficiency (Shaw et al, 1989) , and regular drinking is frequent in the Italian population (Turrini et al, 1999) . Thus, we also considered the interaction of folate or vitamin B 6 with alcohol and methionine on the risk of AMI.
Subjects and methods
Data were derived from a case-control study of nonfatal AMI, conducted in the greater Milan, Italy, between 1995 and 1999 (Tavani et al, 2001b . Cases were 507 patients (378 men, 129 women; median age 61, range 25-79 years) with a first episode of nonfatal AMI, defined according to the World Health Organization criteria (WHO, 1971) , admitted to a network of teaching and general hospitals in the area. Controls were 478 patients (297 men, 181 women; median age 59, range 25-79 years) from the same geographical area, admitted to the same hospitals for a wide spectrum of acute conditions, unrelated to known AMI risk factors; subjects with previous events of AMI or other major cardiovascular events were excluded. Among controls, 34% had traumas, 30% nontraumatic orthopedic disorders, 14% acute surgical conditions and 22% miscellaneous other illnesses. Interviewers regularly visited the departments of the selected hospitals and approached the patients eligible as cases or controls on the bases of the admission diagnosis reported in the clinical records. Less than 5% of cases and controls approached refused to participate.
Interviews were conducted in hospital using a structured questionnaire, including information on socio-demographic factors, anthropometric variables, smoking, alcohol and coffee consumption and other lifestyle habits, physical activity, a problem-oriented medical history and history of AMI in relatives. Cholesterol levels were obtained from clinical records.
Information on diet was based on a food frequency questionnaire, tested for reproducibility (Franceschi et al, 1993 (Franceschi et al, , 1995 and validity (Decarli et al, 1996) , which included questions on 78 foods or food groups and 15 questions aimed at assessing patterns of fat intake and meal frequency. To assess reproducibility, the same food frequency questionnaire was administered twice 3-10 months apart and the median value of correlation coefficients was 0.67 (Franceschi et al, 1993 (Franceschi et al, , 1995 . Validity was assessed using two 7-day dietary records and the median value of the correlation coefficients was 0.46 (Decarli et al, 1996) . Energy and nutrient intake, including folic acid and vitamin B 6 , were computed using an Italian food composition database (Salvini et al, 1998) .
Data analysis
Odds ratios (ORs) of AMI, and the corresponding 95% confidence intervals (CI), for subsequent tertiles of folate or vitamin B 6 intake were derived using unconditional multiple logistic regression models (Breslow and Day, 1980) , including terms for sex, age, education, body mass index, tobacco smoking, alcohol drinking, coffee, meat and fish intake, nonalcohol energy intake, physical activity, cholesterol, history of hyperlipidemia, diabetes and hypertension, and family history of AMI in first-degree relatives.
Results
The distribution of cases of AMI and controls according to age and sex is shown in Table 1 . Table 2 gives the distribution of cases and controls and the corresponding OR of AMI, according to dietary intake of folate in the whole study population and in strata of selected covariates. Compared to the lowest tertile of consumption, the OR of AMI for the highest one was 0.69 (95% CI 0.50-0.94) after allowance for age and sex, and 0.56 (95% CI 0.35-0.88) after further allowance for other selected AMI risk factors. The trend in risk was significant. The OR for an increase of 100 mg/day of folate intake was 0.84. The risk of AMI according to tertiles of folate was not significantly Table 1 Distribution of 507 cases of acute myocardial infarction (AMI) and 478 controls according to age and sex (Milan, Italy, 1995 -1999 The median value of methionine intake was 2058.4 mg/day.
heterogeneous across strata of sex, age, alcohol, tobacco smoking, methionine, coffee drinking, history of hypertension and family history of AMI in first-degree relatives, although the association tended to be stronger in alcohol drinkers of one or more drinks per day (regular drinkers), in those with higher methionine intake and in drinkers of two or less cups of coffee per day. However, the OR did not further decline in heavier drinkers (not shown).
The relation between dietary intake of vitamin B 6 and AMI risk is reported in Table 3 . Compared to the lowest tertile of consumption, the OR of AMI for the highest one was 0.59 (95% CI 0.43-0.82) after allowance for age and sex, and 0.34 (95% CI 0.19-0.60) after further allowance for other most important AMI risk factors. The trend in risk was significant. The OR for an increase of 0.5 mg/day of vitamin B 6 was 0.80 (95% CI 0.65-0.98). The risk of AMI was not heterogeneous across strata of selected covariates, but was again stronger in alcohol drinkers of one or more drinks per day (w 1 2 for interaction 5.89). However, the OR did not further decline in heavier drinkers (not shown).
We also examined the risk of AMI according to the intake of folate and vitamin B 6 combined (Table 4 ). Compared to subjects in the lowest tertile of both nutrients, the multivariate OR was 0.29 for those in the highest one. The Spearman correlation coefficient between the intake of folate and vitamin B 6 was 0.82.
Compared to the lowest tertile of methionine intake, the OR was 0.67 (95% CI 0.38-1.20) for the highest one and 0.88 (95% CI 0.73-1.06) for a daily increase of 500 mg of methionine (not shown). Tables 5 and 6 give the OR for the combination of alcohol, methionine and folate, or vitamin B 6 intake. The OR of AMI was 0.28 for regular alcohol drinkers with high methionine and high folate intake compared to subjects reporting no or occasional alcohol drinking and low levels of methionine and folate intake ( Table 5 ). The corresponding value for vitamin B 6 was 0.25 (Table 6 ).
Discussion
In this study dietary intake of either folate or vitamin B 6 and their combination was inversely associated with AMI risk dose-dependently. The association was not different among strata of various covariates, although apparently stronger in regular alcohol drinkers. These findings are in agreement with the results of several prospective and case-control studies showing an inverse association between folate intake or plasma levels and cardiovascular morbidity and mortality (Chasan-Taber et al, 1996; Morrison et al, 1996; Verhoef et al, 1996; Rimm et al, 1998; Voutilainen et al, 2000 Voutilainen et al, , 2001 Hernández-Díaz et al, 2002) , and particularly with the results from the Nurses' Health Study, also showing a stronger inverse association of folate intake in alcohol-drinking women (Rimm et al, 1998) .
In this study, cases and controls were interviewed in the same hospitals and came from the same geographical area; participation was almost complete; patients admitted for chronic conditions or diseases related to known or potential risk factors for AMI or to long-term modification of diet were excluded from the comparison group. The potential confounding effect of several covariates associated with AMI risk in this study (Tavani et al, 2001a (Tavani et al, , 2002 was allowed for in the analysis. Adjustment for nonalcohol energy intake using the standard model or the residual method (Willett and Stampfer, 1986) did not substantially modify the risk estimates. The food frequency questionnaire was satisfactorily valid and reproducible (Franceschi et al, 1993 (Franceschi et al, , 1995 Decarli et al, 1996) and there is no reason to assume different recall of intake of the major sources of folates and vitamin B 6 on the basis of the disease status, since the possibility of a relation between these micronutrients and AMI risk was unknown to most subjects. We have no information on intake of supplements, which however is uncommon in Italy (ISTAT, 1996) , and on plasma levels of homocysteine, whose metabolism is regulated by folate and vitamin B 6 . A limitation of this study is that the association between the B vitamins and CHD might be causal, that is affecting the risk of the disorder, or affecting the case fatality of the disease, or merely being a marker not causally related to the disorder. The case-control setting is appropriate for studying both the first and the last options, but the effect on fatality is missed as only survivors are included among the cases.
The mechanisms underlying the beneficial effect of folates and vitamin B 6 on cardiovascular disease remain unclear. Most studies have focused on the homocysteine-lowering effect of folates and vitamin B 6 (Boushey et al, 1995) . Two different meta-analyses have shown that elevated total homocysteine levels are an independent graded risk factor for arteriosclerotic vascular disease and ischemic heart disease (The Homocysteine Studies Collaboration, 2002; Wald et al, 2002) . Another meta-analysis, based on 11 studies, showed that increased folic acid intake reduces homocysteine levels (Boushey et al, 1995) , and a metaanalysis of randomized trials has shown that daily supplementation with 0.5-5 mg folic acid and about 0.5 mg vitamin B 12 reduced blood homocysteine concentrations (Homocysteine Lowering Trialists' Collaboration, 1998). Vitamin B 6 is an important cofactor for homocysteine metabolism (McCully, 1996) , and a randomized controlled trial has shown that a homocysteine-lowering treatment with folic acid plus vitamin B 6 decreased the progression of subclinical atherosclerosis (Vermeulen et al, 2000) . Folates also possess some antioxidant potential in vitro and possibly in vivo, and animal and human studies support a benefit of folates on the redox state (Verhaar et al, 2002) . Part of the protective action of folates on oxidative stress and cardiovascular risk may be also mediated by the effect of folate on the NO-synthesizing enzyme eNOS (Verhaar et al, 2002) ; this benefit, however, seems more pronounced in the early phases of atherogenesis, as only modest improvements of endothelial function have been observed after folate supplementation in established coronary atherosclerosis (Title et al, 2000) . Table 3 Relation between dietary intake of vitamin B 6 and risk of acute myocardial infarction among 507 cases and 478 controls in strata of selected covariates (Milan, Italy, 1995 -1999 The median value of methionine intake was 2058.4 mg/day.
The high correlation between the intakes of folate and vitamin B 6 limited our ability to assess their independent effect on AMI risk. It is also difficult to disentangle on AMI risk the effect of folates and vitamin B 6 from that of other dietary components, especially other antioxidants, or other components of vegetables and fruit, which largely contribute to folate intake. The main folate sources in Italy were bread in men (16.7%) and green salad in women (12.8%); vegetables and fruit gave 27.5% of total folate intake in men and 39.0% in women, and cereals (i.e. bread and pasta with tomato sauce or ragù ) contributed for 22.1% in males and 12.8% in females (Parpinel et al, 2002) . The main dietary source of folates in men are cereals, which have no consistent relation with AMI risk (Tavani et al, 2003) ; this supports a role of folate on AMI risk. Vitamin B 6 is widely distributed among several foods. Important sources of vitamin B 6 in the Italian diet are red meat, poultry, processed meat, legumes, dairy products, cereals, and large leafy vegetables and fruit (Salvini et al, 1998) , the latter two food groups being largely consumed in Italy (Turrini et al, 1999) , although containing no large absolute amount of vitamin B 6 (Salvini et al, 1998) . The correlation coefficients for folate intake were 0.457 with total cereals, 0.280 with meats, 0.365 with vegetables and 0.410 with fruit. The corresponding values for vitamin B 6 were 0.433, 0.501, 0.225 and 0.398. These data suggest that it is unlikely that a general healthier lifestyle may play a material role in the inverse association, and that in this Italian population the inverse association of folate and vitamin B 6 intake with AMI risk is real, even at relatively low absolute amounts.
The observation that the favorable effect of folates and vitamin B 6 is stronger among regular alcohol drinkers is also of interest, since alcohol consumption may increase alcohol requirements and cause relative folate deficiency (Turrini et al, 1999) . On the other hand, alcohol drinking has been associated with a lower risk of AMI (Tavani et al, 2001a) . The combination of regular alcohol drinking, high methionine and either high folate or high vitamin B 6 intake leads to an over 70% reduced risk of AMI. This is of particular interest, given the widespread and regular alcohol consumption in the Italian population. 
